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SUMMARY 


An investigation was made in Langley tank no. 2 to determine the 
lift and drag characteristics of a rectangular hydrofoil with an aspect 
ratio of 10 supported by a single strut. The model was tested at various 
depths below the water surface at speeds up to 35 feet per second corre- 
sponding to a Reynolds number of 2.0 x 10^. 

A maxi mum lift-drag ratio of 2^.k was obtained with the hydrofoil 
at a depth of l/2 chord. This ratio decreased and the lift coefficient 
at which it occurred increased with depth. The effects of the water 
surface were negligible at a depth of 2 chords or greater. The data 

at a Reynolds number of 2.0 x 10^ showed good agreement with corre- 
sponding aerodynamic data from wind-tunnel tests. 


INTRODUCTION 


An investigation is being conducted in Langley tank no. 2 of the 
lift-drag ratios of hydrofoil— strut combinations applicable to the design 
of high-speed water-borne craft. As the first phase of the investigation 
it appeared desirable to determine experimentally, at subcavitation speeds 
and various depths of submersion, the lift and drag of a high-aspect— ratio 
rectangular hydrofoil supported by a single strut and having an airfoil 
section. This phase was of interest to determine whether lift— drag ratios 
in the order of 20 were attainable with a structurally feasible system and 
to determine how the lift and drag characteristics of the hydrofoil as 
predicted from aerodynamic data are affected by depth of submersion and the 
free water surface. 

The measurements were made at water speeds from 15 to 35 feet per 
second. The size of the model was chosen to give a Reynolds number 

of 2.0 x 10^ at 35 feet per second. 



2 


NACA RM L9Kl4a 


DESCRIPTION OF MODEL 


The model (see fig. 1) consisted of an 8-inch-chord hydrofoil with 
an aspect ratio of 10 supported "by an. 8-inch-chord strut intersecting 
the upper surface of the hydrofoil without fillets. The strut was perpen- 
dicular to the chord line of the hydrofoil. The foil and strut were made 
of stainless steel with a yield strength, of 100,000 pounds per square inch. 
They were polished to a smooth finish consistent with current wind-tunnel 
practice. 

The hydrofoil had an NACA 64 qA 412 section which differs from the 

NACA 64p~4l2 section only hy removal of the trailing— edge cusp. The 

section characteristics are essentially the same. (See reference 1. ) 

The strut had an NACA 66j-Ol2 section. Figure 2 gives the sections and 

ordinates for the foil and the strut as computed from references 1 and 2. 

The 64-series section was chosen since it is designed for a moderate 
extent of laminar flow. The results would therefore he more nearly 
applicable at high values of the Reynolds number, say in the order 

of 20.0 x 10^, than if sections having a larger extent of design laminar 
flow had been used. (See reference 3- ) The design lift coefficient 
of 0.4 was chosen since preliminary calculations based on data in ref- 
erence 2 indicated that the maximum lift-drag ratio would occur near this 
lift coefficient. A thickness of 12 percent was chosen as a compromise 
between the increasing strength and increasing minimum drag coefficient 
with increasing thickness ratio. 

The 66-series section was chosen for the strut (see fig. 1) since 
its small frontal angle is more suitable for intersecting the water 
surface than the larger frontal angles for the sections with the minimum 
pressure farther forward. The 12— percent thickness was chosen as the 
minimum thought to be structurally adequate. 


APPARATUS AND PROCEDURE 


The tests were made using the main carriage of Langley tank no. 2. 
Figure 3 shows 'a view of the test setup with the hydrofoil and balance 
attached to the support structure on the carriage. 

The hydrofoil was moved vertically by means of a motor-driven 
jacking screw which moved the balance and hydrofoil system as a unit. 
Change of angle of attack was obtained at the plate attaching the strut 
to the balance. One end of the plate was pivoted while the other end 
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was moved, with another jacking screw to obtain the desired angle. Over 
the range of angles of attack tested, the change in depth caused by- 
change in angle was negligible. 

Measurements of lift and drag were made by means of electrical 
strain gages. The force measurements were made at constant speed, angle 
of attack, and depth of submersion. The depth of submersion is defined 
as the distance from the water surface to the point on the foil nearest 
the water surface. A range of submersions from 3.5 inches ( 0.44 chord) 
to 3O.O inches (3.75 chords), and speeds from 15 to 35 feet per second 
were covered. At each speed the angle of attack was increased from 0 ° 
until the peak in lift-drag ratio was obtained. The lift and drag forces 
caused a negligible change in angle of attack. 

The supporting strut was run alone at the same range of speeds, 
depths, and angles as the combination. For these tests the end of the 
strut was fitted with a faired cap. 

The forces obtained were converted to the usual aerodynamic lift 
and drag coefficients using a value of p of 1.966 slugs per cubic foot 
corresponding to a water temperature during the tests of JO 0 F. All 
coefficients were based on the area of the hydrofoil, 4.44 square feet. 

The drag coefficients were corrected for the ground effect of the 
bottom of the tank (see reference 4 ) by using the equation 


corrected (^D^measured + 

where R is the aspect ratio, and 6 is an interference coefficient 
that varies with the distance from the hydrofoil to the tank bottom. 
Values of 6 from reference 4 used for the various depths are given 
in figure 4 . 

A similar ground — effect correction was applied to the angle of 
attack by the equation 


a 


’corrected 


a measured + 


6^L 

JtR 


where a is measured in radians. 
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RESULTS AND DISCUSSION 


The uncorrected data for the complete model (hydrofoil and strut) 
are presented in figures 5 and 6 as plots, for each depth, of lift 
coefficient and drag coefficient, respectively, against speed with angle 
of attack as a parameter. For a given depth, the lift coefficient did 
not vary appreciably with speed over the range tested. The drag coeffi- 
cient did not vary appreciably with speed from 25 to 35, feet per second 
though it did increase at lower speeds. Both lift coefficient and drag 
coefficient increased with increasing depth over the range tested. The 
variation of lift coefficient at depths greater than 2 chords, however, 
was negligible. 

The strut drag data are presented in figure 7(a) as a 1 plot of drag 
coefficient against speed with depth as a parameter. The strut drag 
coefficient was small compared to the total drag coefficient and did not 
vary with speed. Figure 7(b) is a plot of drag coefficient against depth. 

The faired curves of figures 5 "to 7 were obtained by cross fairing 
the data. These cross fairings were used to obtain values at depths 
of O.J, 1.0, 2.0, 3.0, and 3*5 chords which were used in the computations 
of all subsequent plots. 

The variations of lift— drag ratio (corrected for ground effect) with 
lift coefficient and depth of submersion are shown in figure 8. Since 
lift coefficient did not vary with speed and drag coefficient was constant 
above 25 feet per second, figure 8(b) is typical for speeds from 25 
to 35 feet per second. The variations in lift— drag ratio at the two speed 
conditions are similar in character. The maximum values obtained were 
23.2 at 15 feet per second and 25.4 at 35 feet per second. 


At depths of 2 chords or greater the lift— drag ratio values decreased 
in a regular manner with increasing depth at all values of lift coefficient 
This results from the fact that below a depth of 2 chords, the forces on 
the hydrofoil were not varying appreciably with depth, the lift— drag ratio 
of the combination being reduced principally by the increase in strut drag 
with depth. 

At depths less than 2 chords the lift-drag ratio varied in the 
same manner as at the greater depths until the peak was reached. 

Figure 9 shows the variation, with depth and speed, of the maximum 
lift-drag ratio and the lift coefficient at which the maximum lift— drag 
ratio occurred. It can be seen that as the depth increased, the maximum 
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lift-drag ratio decreased and the lift coefficient at which the maximum 
lift— drag ratio occurred increased. This is to he expected since the 
strut drag increases with depth. 


Figure 10 is a plot of the data at a speed of 35 feet per second 

(Reynolds number of 2.04 x 10^) after subtracting the strut tares given 
in figure 7, making corrections for ground effect and converting the 

coefficients to infinite aspect ratio by the usual equations. These 
equations are 


% - S (i + •> 


“1 


= S*(i 

itE 


+ t) 


where a and r are corrections for rectangular wings dependent on 
aspect ratio. For an aspect ratio of 10, the value of a is 0.088; 
the value of t is 0.25. Also included in figure 10 are the aerodynamic 
data at a Reynolds number of 2.0 x 10 6 for the NACA 641-412 section as 
given in reference 5- The slope of the lift curve and the lift coeffi— 
cient for a given angle of attack increased with increasing depth. At 
depths of 2 chords and greater the agreement with the aerodynamic data 
is good. The drag coefficients fall between the aerodynamic data for 
the smooth condition and the standard roughness condition. The variation 
due to depth was very small compared to the possible effects due to 
roughness. During the tests the surface of the model was slightly pitted 
rtLni? sf 1 * water in the tank and was probably rougher than in the aero- 
dynamic tests. This surface condition may have significant effects from 
practical considerations but unfortunately no data were taken to show 


, .°f the lar « e aspect ratio and the agreement with the aero- 

sSm 1 appaars that an y interference effects of the strut are 

small. Since interference increases with increasing lift coefficient 

lf 811 lnterference correction could be made the ' 
slopes of the drag curves would agree even better. 

At m T ? 6 re f ul f + of the investigation should not be considered to apply 
a at ®°f£ te ® peeds than ^ose tested since cavitation, which is 

of hydrofoil^systems?° 1U ^ e SPeed ' aff60tS the 
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CONCLUDING EEMAEE3 


The results of the tank tests of the hydrofoil-strut combination 
may be summarized as follows: 

1. A maximum, lift— drag ratio of 25*4 was obtained with the hydrofoil 
at a depth of l/2 chord below the surface. 

2. The max i mum lift— drag ratio decreased and. the lift coefficient at 
which it occurred increased with depth principally because of the 
increasing drag of the strut. 

3* The water surface had a negligible effect on the lift and drag 
characteristics of the hydrofoil at depths of 2 chords or greater. 

4. The hydrofoil lift and drag characteristics obtained at a 
Eeynolds number of 2.0 x 10^ showed good agreement with aerodynamic 
data at the same Eeynolds number. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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Figure 1.- Photograph of strut and hydrofoil. 



Strut, NACA 66 1 >012 Hydrofoil, NACA 61*^12 


KM L9Kl4a 


11 


Lower surface 

Ordinate 

f^OwOvO-40H H HlAOsvO C--vOCMOD\0 O <M N C\J 

vO r-o\c\j\o ck H jvo rococo c-iac^o ^4 0 r- rr\ c\j rH o 

O O O ' — 1 i — l< — IC\JC\JC\J(\J(\IC\JCM(\IC\JOJi — 1 i — IrHOOOOOO 

0 1 1 1 1 1 1 1 1 1 1 ( 1 i 1 1 1 1 1 1 1 1 1 i I 

1 

Station 

^^oco H^nr\0^rod Owo CO ooiArl cnjiaco O cvj O ia O 

U"\ r^HCM(\H\lHC\JC\Jrlr|rlOOOOOOHrlHHHOO 
OOH(\J-^vOoOCVJvOO-4COC\JvOOJCO(\J vO 0 400 C\J vO O 

O H H cm (\J (\j pr\ r^\ -Z} T-T\ U"\ vO vO vO t— CO 

Upper surface 

Ordinate 

-d-^J-XA-^CwO r— 1 o CN rH CO C\ H OJ -4 CM OMA 0\ O OJ 

co o cn o\ r^-3 - o om_t\i— i-^r-co c^-vo m o\ go c\j no c^-ono 

o rH rl H OJ J IA vO vO vO vO vO vO UMA -4 n CvJ rH O O 

6 

Station 

vO^OsJCOvOU\OMDCOrH-^faoc\JlAO\COin<\l O CO nO nO OlAO 
C\J_^COC*-C s -C s -ONC^-r'-COOOOO OnOnOnOnOnOnOnCOCOCO OnOnO 
O O O H mCNr^r^H IAO 

6 rH rH rl C\J C\J r\r^r^-^I^U>lAlAvO^O O-F^CO 



Ordinate 

C\J [^CMAO c^o On CMA-JO O C^-C^-C^rH rH H nO t>- On CO 

C^-CO 0-40JCO r^oo (HJvO r^-co t^-vO -4 H vO O r^vO On r^\ 
o O rH H CM CM <NJ c-^ CM rH o o 

o O 

Station 

ooooooooooooooooooooooooo 
_cr no ooooooooooooooooooooooo 
OOrH(M-^vOOOC\JvOO-=ICOOJvOO-=fOOC\JNO O -=T CO CM NO O 

o HrlCVJCVJCJ nr^^^-4lAlAvOO^O NC^CO 


Figure 2.- Sections and ordinates of strut and hydrofoil* 
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Figure 3*" Test setup showing aspect -ratio-10 hydrofoil and balance 

attached to towing carriage* 
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Height from foil to bottom of tank, in. 

Figure 4- - Variation of ground interference coefficient & with depth. 
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Figure 5 .- Uncorrected data - variation of lift coefficient with speed 

for hydrofoil -strut configuration. 



(b) 6.0-inch depth. 






(c) 12. O-inch depth 
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(d) l8.0-inch depth. 
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Angle of 
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(f) 30 * O-inch depth 




Figure 6.- Uncorrected data - variation of total drag coefficient of 
hydrofoil-strut configuration with speed. 
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(b) 6.0-inch depth. 



(c) 12.0 -inch depth 
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(d) 18. O-inch depth. 
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(f) 30-0-inch depth- 
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Lift coefficient. Cl 


(a) 15 feet per second- 



Lift coefficient, C L 


(b) 35 feet per second. 

Figure 8.- Variation of lift-drag ratio with lift coefficient and depth 
of submersion. (Hydrofoil-strut configuration) 








